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The information in this report is submitted according to the require-

ments of Section 250.15(c) of the proposed amendment of 40 CTR, Part 250,

as published in the Federal Register, Vol. 43, No. 243, 18 December 1978.

A. GENERAL ITOMATICN

1. Identification of party des'ring the demonstration:

US Army Electronics Research and Development Command
Fort 'Monmouth, New Jersey 07703.

2. Name and address of facility performing the demonstration:

WAPORA, Inc.
6900 Wisconsin Avenue
Chevy Chase, Maryland 20015
David B. Boies, Senior Chemical Engineer

3. The following samples of the waste were supplied by E. H. Reiss,
US Army Electronics R & D Command, Fort Monmouth, New Jersey

40 LO-26SX cells manufactured by P. R. Mallory, Inc.:
20 cells fresh
20 cells discharged to 2.0 volts or less.

4 BA-5590 batteries manufactured by Power Conversion, Inc., each
battery containing 10 cells:

2 batteries (20 cells) fresh
2 batteries (20 cells) discharged to 20 volts per battery

(an average of 2 volts per cell).

4. The testing of the waste was carried out by David B. Boies,
Senior Chemical Engineer, WAPORA, Inc., Chevy Chase, Maryland;
and Mark Brandl, Associate Chemist.

5. The samples were supplied during October 1979.

6. The testing of the samples took place during October 1979 to
February 1980.

7. The quantity of wastes that will be generated will depend on
battery use, and is not certain at this time.

8. The wastes being tested consist of "D"-size cells operating with
lithium and sulfur dioxide as the active ingredients. The individ-
ual cells are 3.3 cm (1.3 in) in diameter, by 5.7 cm (2.25 in)
long, and may be discarded as batteries containing 2, 3, 5, or
10 cells. The cells contain a lithium anode, a carbon/Taflon/
aluminum cathode, and a sulfur dioxide/lithium bromde/acetonitrile
electrolyte, in a steel case. The cells are under pressure due to
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the presence of the liquid sulfur dioxide. Table I gives :he
composition of a :tpical cell, and ?igure 16 gives the vapor
pressure of sulfur dioxide as a function of temperature. The
calls are equipped with a Tenting mechanism to release the pre-
sure if it becomes too high; a typical call will vent at about
400 psi, which is reached at about 1000 to 105*C for a fresh cell
and at higher temperatures for discharged cells.

Table I. Typical Composition of a Llthium-Sulfur Dioxide "D" Call,

Component Mater-,J weiahc Cgrams)

Anode Lithi 2.6 to 3.0

Cathode Carbon/Teflon/alunum 13

Separacor Polypropylene 1.0

Electrolyte Sulfur dioxide 23.5 to 24.5
Aceconitrile 7.7 to 8.1
Lithium bromide 2.3 to 2.5

Container Steel

B. WASTE sAH1PtLIC

1. Cell y~e and Condition

Calls from two manufactprers, ?ower Conversion, Inc., (PCT) and . Ya..allor.

Inc., were obtained and were tested in both the discharged and fresh conditions.

2. Prepracion of Beresantacive Samples

a. Whole cell. An individual cell was treated as a representa-
cive sampl.e.

b. Internals. Representative samples of the call internals were
obtained by cooling an individual cell to -40*C (-40"?), and
the top ,as removed by a shallow saw cut through the cell
wall just below the top. Liquid, iU present, was r-oved
by decanting. The internals -were removed. They consisted
of three layers, anode/saperacor/cathode, spiraST-wound.
These layers were separated and cut into smaller pieces.
A representative sample cousisted of amounts of the liquid,
anode, separator, and cathcde, proportional :o :heir -wehcs
in :he cell. The s.pla incer als were scored in covered
glass containers at -404 C itni. used for tastLag.
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C. WJAST! T"ESTMT 3ESULS

1. Individual Call Tasts

a. Test ?rocedures

It is the pu:pose of the proposed rules co teast the waste for degree of

hazard in the fbrm in which it will be present in the disposal operation.

3ecause the subjact wastes will be disposed of in the form of batteries

containing various =mbers of cel.ls, the tests should be conducted on the

individual cells, the smallest comon c=ponent. The Structural Integrit7

Procedure described in 250.13(d) (2) (B) of the proposed rules was applied to

the individual cells. This consists of dropping a 330 g (0.73 Ib) weight

for a distance of 13 cm (6 in) onto the call. This is reapeaed 13 t-mes.

It was found that in all cases the inragrlty of the individual cells was

not changed, so that the individual call could be considered a representa-

tive saple.

b. Test Results

The determinatiou of rhe hazardousness of the waste based on the use of

an individual cell as a representative sample is presented below according

to the cr'teixA presented in the various paragraphs of Section 250.13 of the

proposed rules.

0 (a) Ignitable waste:

(a)(1)(i): The cri:eria from this paragraph read as follows:

. i a liqu.d and has a fl!ash point less :han
60*C (.400.', detaermned by the method cited below
or an equivalant method.

These criteria are not applicable, as the asre is noc a liquin.

(a)(l) (e): The criarta from this paragraph read as follows:

. ii not a ...4uid and is ILabla to cause f.ies
through frictiou, absorption of moisture, spontaneous
chmical ahanges, or etai-ned heat rom manufacturing
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or processing, or when ignited burns so vigorously
and persistently as to create a hazard during its
management.

The cells are in sealed steel containers and are not hazardous
under the conditions listed in this paragraph.

(a) (1) (iii) and (±-v): The criteria from these paragraphs read
as follows:

. . . is an ignitable compressed gas as defined in
49 CFR 173.300(b), or is an oxidizer as defined in
49 CFl 173.151.

Although the waste contains a compressed gas, sulfur dioxide, i~t
is not an ignitable compressed gas, nor is the waste an oxidizer.

* (b) Corrosive waste:

(b)(l)(i) and (ii): These criteria read as follows:

. . is aqueous and has a pH less than or equal to

3 or greater than or equal to 12 as determined by the
method cited below or an equivalent method, or cor-
rodes steel (SEA 1020) at a rate greater than 0.250
inch per year at a test temperature of 1300? as
determined by the method cited below or an equivalent
method.

The wastes are sealed cells, and the criteria are not applicable.

* (c) Reactive waste:

(c)(1)(i): The criteria from this paragraph read as follows:

. . . is normally unstable and readily undergoes violent
chemical change without detonating; reacts violently
with water, forms potentially explosive mixtures with
water, or generates toxic gases, vapors, or fumes when
mixed with water; or is a cyanide or sulfide bearing
waste which can generate toxic gases, vapors, or fumes
when exposed to mild acidic or basic conditions.

The individual cells are sealed units and do not react in any of
the ways cited in this criterion.

(c)(l)(ii): The criteria from this paragraph read as follows:

...is capable of detonation or explosive reaction
but requires a strong initiating source or which must
be heated under confinement before Initiation can
take place, or which reacts explosively with water.



The i.d.vldu'. cels are sealed and o not react with acar, but
fresh calls !o contain a considerable amount of scored energy that
could be released rapid!7 by internal reaction as the :perature
is raised, especially as the mel:ting point of lithium is reached.
To cast this .osslbi._=7, 1-dMlvinual cells were placed in an oven
a 204,C (4u07), which is above the meltin ooinc of lithium,
179*C (334*7). The calls vented sulfur dioxide, but there was no
explosive reaction. :t is probable that the venting of the oxidant,
sulfur dioxide, cook place bef ore any ,riolenc intaral reaction
could be initiated.

(c) (I)(iii): The criteria f-om this paragraph read as follows:

.s readily capable of detonation or of explosive
decomposition or reaction at normal cemperatures and
pressures.

As discussed previously, th ese cells, when fresh, contain a con-
siderable aount of scored energy. To determine the affect of
the rapid release of this energy, f.esh calls were short-circuited
by means of No. 12 copper wire. Although the tmperature rose,
the cells did not explode.

(c)(L)(iv): The criteria in this paragraph read as follows:

. . . is a forbidden explosive as defined in 49 CM
173.51, a Class A explosive as defined in 49 CYR 173.53,
or a Class 3 explosive as defined in 49 CFl 173.58.

The cells are not listed as forbidden explosives.

(d) Toxic waste:

(d) (1): The criceria in this section deal with decermination of
the toxicit7 of a waste. The waste is prepared by subjecting it
to a structural integrity procedure, leaching ander defined con-
ditions, and testing the leachate for the presence of certain
listed contminants. The individual cells, as discussed earlier,
were not damaged by the structural integrity procedure, and as
they are sealed cells in a steel case, nothing can be leached
from the cells. Therefore, the individual cells are not toxic
according to the criteria of this section.

2. Tasti-4, of Calli with ,xposed Internals

The .revious sectiou of :his report disc-zssed :he :scr--g of

individual ce!.s -or hazardous character±stics according :o :he ZhA .pro-

posed rulas. rt was concluded :hac :he cells would mot -e class"ied as

hazardous as they are zomplet&17 sealed, and their sealed naure 4-s aot

descroyed "by :he Structural Integ-- ..I.res. :. was also dec:.ed :o test



the cells with the internals exposed to determine the hazards if by some

means the structure of the cell was breached. This is most likely to happen

if the cell is crushed by some force considerably greater than that employed

in the Structural Integrity Test.

a. Test Procedures

Test methods, as listed in the proposed rules, Section 250.13, were used.

The following sections give some specific details of the methods used.

Section 250.13 is reproduced as an Appendix to this report.

0 (a) Ignitable waste: The Setailash Close Cup Tester was used.

0 (b) Corrosive waste: The corrision test procedure was based on
the practices recommended in NACE Standard TM-01-69 (1976 Revi-
sion), published by the National Association of Corrosion Engin-
eers. The controlling factor in the test procedure design was
the fact that onl~y a small amount of liquid (about 2 ml) was
available from each cell that did not evaporate at the test
temperature of 54*C (1400F).

Test specimen: Annealed mild steel wire, 1.6 mm (0.063 in) in
diameter, by approximately 25 m (1.0 in) long. The specimen
was polished by aluiit oxide abrasive cloth graded from 50 to
120. After polishing, the wire was degreased by scrubbing with
scouring powder and rinsing in water and acetone. The appro-
priate lengths were then cut, and the specimens coiled. Weight
of the specimens was determined to 0.1 mg.

Test container: Pyrex test tube, 16 mm diameter, covered by
polypropylene film. During the test, the 'tube was partially
immersed in a water bath at 54 0C (140 0F).

Procedure: The liquid obtained from the Mallory and PCI fresh
cells was allowed to warm to room temperature, the sulfur dioxide
evaporating off. The discharged cells did not contain a free
liquid phase. The remaining liquid (6 =I) was placed in the cest
tube, and two specimens inserted. One coiled specimen was sus-
pended by a glass hook totally iersed, and one straight specimen
was suspended so that it included the interface. The tube was
covered by the film, held in place by wire, and the tubes immersed
in the water bath. After the end of one week exposure, the speci-
mens were reoved, cleaned in room temperature hydrochloric acid
inhibited by stannous and antimony chlorides, rinsed, dried, anda
rewei, ,hed.

* (c) Reactive waste: Three test procedures were used to determine
reactivity:
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-he top of the call was rmoved, and the call immersed in
approximatal7 2 Liters of water. Gases evolved were sampled
by syinge and analyzed chromatographic.ally.

-The top of the cell ias removed, and :he cell immersed in 2
liters of 0.L acetc acid. The gases evolved were absorbed
in a 1.25N sodiiu hydroxide 3olution and analyzed for cyanide
using the calorimetric mechod described in "M.ethods for Cemical
Analysis of Water and Wastes," EPA 600/4-79-020, March 1979.

-The cells were placed in an oven at Z041C (4 0 0 "?) and observed.

0 (d) Toxic wasta: The procedures given in the proposed rules,
Section 250.13(d)(2), were used. The filtation method for separa-
nion was used. The anode, cathode, and separator w ere cut into
pieces smallar than 9.5 m (0.375 in) before the extraction pro-
cedure. Stirring motor speed was 60 rpm. The pE was controlled
manually. Analysis was accomplished with a Perkin-Elmer Model 503
Atomic Adsorption Sepctrophocomecer with an RGA 2100 graphite fur-
nace. Test procedures for analysis are those described in "Hethods
for Chemical Analysis of Waters and Wastes," EPA 600/4-79-020,
March 1979.

b. Test Results

The detarminacion of the hazardousness of the waste based on the use of

representative samples of the contents of the cells is presented below accord-

ing to the criteria presented in the various paragraphs of Section 250.13 of

the proposed rules.

* (a) :rnitable waste:

(a)(1)(i): The criteria from this paragraph read as follows:

. . . is a liquid and has a flash point less than 60*C
(140*7) decermined by the method cited below or an
equivalent method.

These criteria were not app-1lcabla to the discharged cells from
either manufacturer, as there was no free liquid in :he calls.
? ,ea liquid as obcained from the ftesh cells manufaccured by
both .allor7 and ?C:: when :he calls were opened at -'00 C (-4007)
as 4escribed earlier in Section 2, Waste Sampling. When the
liquid from either cell gas casted using the Setaflash Closed
rastar, at 600C (1400Y), there was ,io flash; in fact, the pilot
flame zas ex:ingu"shed, apparently due co sulfur dioxide coming
from :he :up. Thus, a representacve sample of the liqud or-
cion of che ,daste did aoc !lash at the cast zemperacure, and :he
wasta is not considered hazardous according :o these criteria.

-..



(a)(1)(ii): The criteria from this paragraph read as follows:

• . . is not a liquid and is liable to cause fires
through friction, absorption of moisture, spontaneous
chemical changes, or retained heat from manufacturing
or processing, or when ignited burns so vigorously and
persistently as to create a hazard during its management.

The criterion of conern in this paragraph is the question of burn-
ing in a vigorous or persistent manner when ignited. As discussed
previously, the calls are encased in a strong steel case, but can
be ruptured with the application of sufficient force. To simulate
this case, the tops of discharged and fresh cells of both Mallory
and PCI manufacture were removed, and it was attempted to ignite
the open cells with a propane torch. When flame was played on the
open cell, the contents burned with the characteristic red flame
of lithium, but the flame was not vigorous, and the flame extin-
guished shortly after the torch was removed. Thus, while the
cells were ignitable, they did not meet the criteria for hazardous-
ness.

If the contents of the cells were removed, the spiral unwound, and
the separate components ignited, the lithium from the fresh cells
burned in a manner best described as rapid but not vigorous, but
of such a persistent manner that it could be difficult to control.
However, because this unwound condition is not one that would be
encountered in disposal practice, it was not considered as indicat-
ing a hazardous waste.

(a) (1)(iii) and (iv): The criteria from these paragraphs read as
follows:

• . . is an ignitable compressed gas as defined in 49
CFR 173.300(b), or is an oxidizer as defined in 49 CFR
173.151.

Neither of these criteria apply to any portion of this waste.

(b) Corrosive waste:

(b)(l)(i) and (ii): These criteria read as follows:

. . . is aqueous and has a pH less than or equal to 3 or
greater than or equal to 12 as determined by the method
cited below or an equivalent method, or ccrrodes steel
(SAEI020) at a rate greater than 0.250 inch per year at
a test temperature of 130*F as determined by the method
cited below or an equivalent method.

The criteria do not apply to the discharged cells because there was
no liquid present in these cells. The pH criteria do not apply
to the fresh cells, as they are not aqueous. Most of the liquid
present in :he fresa cells evaporates at the specified test
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:perature of U0*7, lavtng onl7 a small amount of liquid, which
is probably primarl7 acetOni:.Lle. 'hen tested for :or1vosveness
toward steel, ao corrosion could be detected, so that the waste was
determined to be aon-corr'osive according :o the proposed r-ulas.

(c) Reactive waste:

(c) () (): The criteria from ths paragraph read as follows:

is ormlly unstable and readily =udergoes violent
chemical change tihout detonating; reacts 7±olenly with
water, forms pocae.Ua17 ezplosive mlixtures with water,
or generates toxic gases, vapors, or ftmes when mixed with
water; or is a cyanide or sulfide bearing wasce which can
generate toxic gases, vapors, or fumes when exposed to
mildly acidic or basic conditions..

The components of the cells were investigated for hazards as listed
in these criteria. The cells contain lithium, which is known to
react rapidly with water, generating heat and hydrogen. To deter-
mine the reaction between a ruptured cell and water, the top was
removed from each type of cell, and it was placed in water. In
all cases there was an evolution of gases when the cells were
placed in water. The reaction was more rapid for the fresh cells
than for the discharged cells, but in no case could the reaction
be described as "violent." It appears that the tight spiral con-
figuration of the internals of the cells slows diffusion of water
to the lithium, and prevents violent reaction.

The gases released when the cells were allowed to react with water
were analyzed. The gas was primarily hydrogen, with small amounts
of sulfur dioxide (0.5% to 1.6%). The cells were exposed to mildly
acidic conditions (0.LN acetic acid), and the evolved gases were
analyzed for cyanide. None was detected; the limit of detectability
was estimated at 0.1 mg 30.

One of the criteria in this paragraph is met to some degree:.. . or generates toxic gases, vapors, or fumes when mixed with
water." Some sulfur dioxide is contained in the gases evolved by
reaction with iater, but the amount generated per cell is small
(0.10 to 0.31 grams).

(c) (1)(il): The crieria from this paragraph read a-; fillows:

. . . is capable of detonation or explosive reaction but
requires a strong initiating source or which must be
heated under confinement before iniciacion can :ake place,
or which reacts explosively with waaer.

as discussed in the section dealing with tests of the whole ceils,
t.here is ao explosive reaction when heated "nder :onfinsment.

Wc) (1) (Ui±) and (iv): The criteria f rom -hese paragraphs read as

.. .il w .:
follows



. is readily capable of detonation or of explosive
decomposition or reaction at normal temperatures and
pressures, or is a forbidden explosive as defined in
49 CPR 173.51, a Class A --%plosive as defined in 49
CFR 173.53, or a Class B explosive as defined in 49
CFR 173.58.

The components of the call are not capable of detonation or explo-
sive reaction at normal temperatures and pressures, are not listed
explosives and are not hazardous under these criteria.

. (d) Toxic waste:

(d) (i): The criteria in this section deal with the determination
of the toxicity of a waste by analysis of materials leached from
the waste under specified conditions. The materials specified for
anlaysis are 8 metals and 6 pesticides. The pesticides are not of
concern in the cells, but the leaching and analysis procedure was
carried out for the 8 metals. The results of tests using the in-
ternals from both fresh and discharged cells from both Mallory and
PCI are given in Table 2. It can be seen that none of the cells
produced a lachate containing concentrations of the metals above
that specified in the proposed rules, and thus are not considered
hazardous under these criteria.

Table 2. Extraction Procedure Results.

Extract Level, mg/l

Cell Mft.: PCI Mallory
Contamination

State: Discharged Fresh Fresh Discharged Fresh Limit

As <0.050 <0.050 <0.050 <0.050 <0.050 0.50

Cd 0.035 0.031 0.035 0.029 0.066 0.10

Cr 0.016 0.007 0.004 0.003 0.004 0.50

Pb <0.500 <0.500 <0.500 <0.500 <0.500 0.50

W Ba 0.124 0.023 0.071 0.096 0.071 I10.00

Se <0.100 <0.100 <0.100 <0.100 <0.100 0.10

ag <0.001 <0.001 <0.001 <0.001 <0.001 0.02

AS 0.160 0.006 0.110 0.140 0.060 0.50

Note: State - either discharged or fresh.
Duplicate tests were run on fresh Mallory cells to determine
repeatability.



The following .i.ora..iou .. aive here as being of interest,
having no direct aeect on 1ecarm-Inacion of hazardousness. :n &I -I
cas the inte--,als fr-om 3 cells were used for the test, having
sampla weights ranging 2r-= 101 to 105 grams. 3och of the fresh
cell samplas (.a.l.or7 and ?C1) used the entire 4 m-. of acid solu-
cion paer grm of sample vi:houc reaching .. 8 to 3.2 .a range. The
final 9H values after 24 hours of leaching -jars 7.8 fOr the M1al'lQo?7
cell and 8.0 for the ?CT cells. The discharged ?CI cell also re-
quired the entire 4 ml. of acid solution per grsm, and reached a
final oH of 5.3. The discharged Mallory cell required a total of
2.3 al of acid solution per gram to reach a final pit in the desired
range (5.2).

Z. Tnst-ments Used in Test .rocedures

* Secaflash Closed Cup Tester, Stanhope-Seac, Ltd., Model 1.374

. Gas Chromatograph, Varian Model 3700

" Parkin Elmer Model 503 Atomic Adsorption Spectrophocomecar, with
RG& 2100 Graphite Furnace

* pH Moter, VWR Scientific Cat. No. 34100-006.

d. An cici74ced Changes in Waste

The c ells manufactured by both Mallory and Power Conversion, Inc., have

been tested. It is believed that these cells represent the present and near-

future cells which will be used. Advances in technology are not expected to

significantly change the components of the cells. Recesting should not be

required unless significant changes in components or structure are made.

3. Summary of Test Results

Application of the tests and criteria is Section 250.13 of the proposed

rules show a certain amount of reactivit7 of the cells towards -,mter if the

case is ruptured, 'ut not of a degree to be considered hazardous. The tests

and criteria of the proposed rules show a sall. lease C0.-' to 0.3 grams,

call) of a toxic gas, sulfur dioxide when wacar contacts che call. when :he

case is ruptured. In actual. practice, Lf the cells -rere ruptured, a much

larger mount of sulfur dioxide-* ould be released as the Inacrmal pressure

was vented, although this behavior is mot covered by the proposed rules.

12



In stinaryr, considering the results of both the individual col, tests

and the tests using the cell internals, the following conclusions can be

drawn:

* The cells are not hazardous for disposal if the case is not rup-
tured.

* On the basis of the Structural Integrity Procedure of the proposed
rules, the cells will not rupture and, thus, will not be considered
hazardous.

* If the cell case should be ruptured in some manner, a small amount
(approximately 2 to 12 grams) of sulfur dioxide will be released.
It is an irritant, odorous, and toxic gas. The degree of hazard
will depend 'on the number of cells ruptured at a time, meteorolog-
ical conditions, the distance to sensitive receptors, etc.

D. CERTIFICATION

I have personally examined and am familiar with the information submitted

in this certification, and I hereby certify under penalty of law that this

information is true, accurate, and complete. I am aware that there are sig-

nificant penalties for submitting false information, including the possibility

of fine and imprisonment.

David B. Boies
Senior Chemical Engineer
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1-'50.13 Hazardo#As wnste caraceristica. ail ignitable asc.s shall be deter- (i) Waste unstable to mechanical
(a) jqnip.ale waste (1) Defnition-A mined by the methods described in 9 shoe"% can be identifled using the

soUd waste !s a hazardous waste if a CFR 13-300. Bureau of Explosives impact appara-

represncalcr esampie of the waste: (b) CorrosZue a3e. (1) Definition- t.s and the tests cited in 49 CFR
(C) Is a liquid and has a flash point A solid .vaste i. a hazardo3 wa.ste if a 173.53(b), (c). (d). or (f). as appropri-

less than 60"C (140"F) determined by represer'itive sample of the :a ste: ate.
the method cited below or an equiva- i) I aqueous and has a H less tha n (d) Toxic cajte. (1) Delinition-A
lent method, or or equal to 3 or greater than or equal Solid waste is a hazardous -waste if. ac.

(U) Is not a liquid and Is liable to to 12 as determined by the method cording to the methods specifed n
cause fires through friction, absorp- cited below or an equivalent method, paragraph (2). the extract obtainedrtion of mosture, spontaneous cherni- or from apPlYiU. the Extraction P-oce-

cal changes, or retained heat from (ii) Corrodes sell (SE 1020) at a durn (EP) cited below to a represent&-
manufacturing or processing, or when rate greater than 0.250 inch per year tive sanple of the waste has concen-
ignited burns so vigorously and persis- at a test temperature of 130'F as de- trations of a contaminant that exeeds
tently as to create a hazard during Its termined by the method cited below or any of the following values:
management. or an equivalent method. -:tmuc n.

ii) Is an isnitable compressed gas as (2Ideniftcation method. (1) pH Conqsmiac " ,Wfra perlier

defined in 49 CPR 173.3000b). or shal be determined using a pH meter. AmW ...
Clv) Is an oxidizer as defined in 49 folowing the protocol specified in the "mum 10e

R113.1S "&anual of Mfethods for ChemicaL Caddum 4.10

(2) Ideni cifatiOn method. (i) Flash Ana sis of WaIter and Wastes" (ZPA- - 19
point of liquids shall be determined by 92S-l&-74 003). M,., e'

SPens .-.artens Closed Cup Tester. (U) Rate of metal corrosion shall be ___e_,.-__._o

using the protocol specified in ASTM determined using the protocol speci- t m U.s4.to.lehexado,4. I-
Standard 0-93-72. or the Setaflash fled in NACE (National Association of ,go1-1..4.5.5..sa-ctahvdm-l
Closed Tester using the protocol speci- Corrosion Engineers) Standard TM- ud e s. m., ,n aL00-
fled in AS M standard D-.3273-73 or 01-69. Lt * h (L.4..6.S,-
any other equivalent method as de- (c) Reate waste. Cl) efin.wn-A .040.r ,i,, ,mmfined in this Suboart. soUd waste Is a hazardous waste If a Vot',ye're .'-ri€tor 0.040

representative sample of the waste: %.i ,9-neLoxLamyt) - o

(1) Is normally unstable and readily Teasne (C.1.C .-tethnicl c e' -
undergoes violent chemical change ha amp =*. 87-0 De17 t €.90-
without detonating: reacts violently &... .-. ,..e.o.en ... .0€
with water. forms potentially explo- ad LO
sive mIxtures with water, or generates 2.4 T1 SIVOX (2.4A-
toxic gases. vapors, or fumes when Tnwoeolmoxi o =- adid) - .40

mixed with water. or is a cyanide or NeK -Ex-tract levels specified for the
sulfide bearing waste which can gener- above substances equal ten times the EPANational Interim Primary Drtr.lng Water
ate toxic gLs, vapors, or fumes when Standards for these substances. These
exposed to mild acidic or basic condi- standards are being revised. E.nrtact levels
tions. seined above will be changed to reflect re-.

(U1) Is capable of detonation or explo- visions to tse standards. Also. EPA is con-
sive reaction but requires a strong l- a einc use of the Water Quality Criteria
tiating soure or which must be under the Clean Water Act as a buis for
heated under confinement before initi- setting extract levels. In addition to theZPA Ratonal ltern Primary Drinking
atlion can take place, or which reacts Water Standards.
explosively with water.

(li) Is readily capable of detonation (2) Identificaton method. (I) Extrac-
or of explosive decomposition or reac- tion procedure. (A) Take a representa.
tion at normal temperatures and pres- tive sample (minimum size 100 gis) of
sures. the waste to be tested and separwte it

(Uv) Is a forbidden explosive AS de- Into its component phases using either
fined in 49 CFR 173.51. a Clam A ex- the filtration method or t.he centrifu-
plosive as defined in 49 CFR 173.53. or gation method described in thjs sec.
a Clas B explosive as de/fned in 49 tion. Reserve the liquid traction under
CPR 173.58. refrigeration at 1-5"C (34-4',F) for use

NOff-Such waste Includes pyrophorte as described in paragraph (F) of this
substances. explosIves. autopol$merZable section.
material and oildizing agen. If it is not a9- (f.I Filtration Method.
parent whether a wat.e is a hamrdous waste
using this description. then uie methods LP9 Me1CR Mllipore YY22 142 30 filter
cited below or equivalent methods can be holder (MllU2mre Cor.. Beford. .A OtL30
used to determine if tlie waste 4 haardous equipped with an X:t42 142 08 accessory 1.S

dete. lliter reservoir. or Nuc eore CorP., Pe=aan.
ton. CA 945481 equii;ped &iCh a L.5 ater res-

(2) IdentOfcation method. (1) Ther- ervoir. or equivalent filter holder.
molly unstable waste can be identified Procciurs. 1. Using the filter hoaler place
using the Explosion Temperature Test a 0.45 micron filter meinbrane 'Mlllipore
cited in Appendix II of this Subpart type MAWPI42. Nucitpore tVPe 112007, or

equivalent) on the support screen. On too of
(waste for which explosion. ignition, the membranie (uistream) Place a prefilter
or decomposition occurs at 125C after (cUloore AP25L24. uclepore P0M0. or

$ minutes is classed as hauardous equivalent). Secure filter 12older as directed
Wste). in manufacturer's instrucuons.



2. Filt e ,ervair wIth the =aM218 to be Oesirn sund Mf~g. Ca.. Alextardria. Va. yi of W.ater and 71rastei. pp. 94
segarzted. sresunze to =a more in 5= 223 41.~ Evroreia 2?rocection .4 ;ncy.

ii ~cm~ an~~ *~.j ~ ~(D) Add to the x tractor a 'reizht of Of, ce at cc!%oLo cy ern~r. ~'c
& mdunc t Ofll 05 -oA) . rteeasd duin a deioni-ed ivactr eqnal to 15 ime-, tile ilngton. . 20460. '4914.

30 iu24puto period. We~ght of solid mate.al .ddtd to the (3) 34r-tzm-Atomnic Abscr:U'1
3..tt~ tQ~ ~O~£u~3.~~eSU.ZC~.4 extractor. Thi 14~tdsa.i 1~ atiod. -Standzrd &:eU,.cx.s :or !%e0o. -1 ie too of :ae mmervotr. nvert tuie used in trmez ':i solid anaterial ijxaoz o \Vtr s"

filtte 'stL replace Uter >&2.U .* SUP 1. to Uhe ex.tractor. Wastea.vatcr.- iatcst edition. or ~.e
tae afd Repea :Aierto. until a =or* (Z) Begin 3agitation and adjuzt the ods for Chemical Anttlyiz of Water
Mud4 c= '3 fro t. U H of tbe solution to 5.0=0..2 us1i- and tVas-es.' ;p 91,98. avironzencal
pressure of 73 owi (" ku/cm2. 0S CtC sd 2 PtcioAgnyOfcof 'Tec tno1-

4. Take -I%* soid rnatr&aJ and anY *ads 3.0--0.- arld continue agita~ian for ogy Transfer. Washington. D.C. 20440O.
aned m n ltraucla. and extract as described 24=0.5 hours. If ,noe tia 4 m-l of
La flwaUmb C11. Subtract tar voictes of Wac for esch Cm of solld is required to (C) Cadrniut-Maornic Absa.-Lion
2113? ;ads La calculat ing e unaut O hold the ;X at 5, then once 4 =I of Meod Sadr Mtod foth

sio=ttL aid ;or gm Uss heen added. coamplete Z~==~r of Water axid
(2) Cmntrifugstilon MLethod the 2-i hour~ ext.-.Ction withiout adding Wasteuz tasteto. or ~'eh-
9£&pmenr. Cancrifuxe .es Miamacii-M ods for Ch.emical Analysis of vvarr

cataLeg ao. 'Ids. Oamon.mc Csrp.. N~eed- truaiast at 20-i0* C (68-104' ? during and Wacse. :39 101-103. zhv.rona
ham Noicca. KA. or equivalent) equlcoedItsreomndthta

ror flamumbe materals containing wastes. Inc.. Mlsboro,..Of 9112n. or equiva. D.C. 20460, 1974.
*xpasa poo eqipentisrecomnmeaded. lent. eue for controllig .VLI D hoimAaicAsrt

Procdurw1. Cntriugeamole for 10 emlyd atz r.aeseclinorUfi
mm ae 2 oo ?li0 ."VLold temperaure It ads for Chemical Analysis of W&tF

20-401C (6-L047 1. UMA Pa pAnJTsr-,XT and Wastes." pp. 112-113. Enviroi
-uslax a ;-lr measur th t o LCailbrate pRmeter in saaordance withz menta. Protection Agency. Of!h.ev

(0.40in. Caual e udtosd 2. Add OXST asetice acid and adjust ;F1 Of DMC 20460. 1974. I
3. epess I and I above unitil th* liud aSlution to 5.0--0.2 If Marv than~ 4 =Ua (Z). Lead-Atomic AbsorpC.4slafor each sm of solid ts requred to eaid Method. "Standard Methods !or tsolid t alcu03laited aftert two answ3c~t1 the aN as S. then once 4. cal a ad per cm

3* amuce amrtiosesi is withis 3%. has *Am add"d complete tie U4 hour _ EXemnzatiori of Water a-
L easnt ot siphon offelayr and ex tsln vithout adding any a~dousod. Wmstewater." ILtest edition, or "Met.

tzsc M oid a0s88 deactilhed int paragapa L. Usagin the. *.uc~ at :0-4w C (S. Lov 'ads for Chemial Analysis of W&-.
(13) Take the solid portion obtained 73 during extraction. and Wates." Pp. 112-113. w-riira

-in paragraph WI. and prepare it for ax 3. anwally adjus pR of zlution. at IS. mental protection Acency. Oflce~acdon y ethe ~ to30. and s0 mincute iterval MoCirig to thle Techcoogy Transfer. Washingcoitruton b eiter C"indng I tonem a longer Interval If tie PR id n1 ot have T
through a 9.5 =m, (%-') standard sieve go be adlusted more than 0.5 pg tz sic DT 20400. 1.974.
or by subjecting it to the fo~lowing the gpevoG ajustment. (n Zmury-F1amess Atomiac A.
sucisural integrity prcdue 4. Continue adjusment' procedure for a Sorption Method. -Methods to

period of *ot ten titn I hours. Chemical Analysis of Water an'
fticrvAL wrnrryPitmmna FU ONAftr a24hour period -ust be Wat& pp. 118-126. Emvtrontrt;witin he raig 4.-52: nls 4:Wat dd Protection Agenc:7. Office of Tec!hrc,

Zquipww"e Coimvactioa, tester having a per ram of satid s& a!ready been added. agy Trxhsfer. Washington. D.C. :146i
1.25 tncht Akamocer %ammer weighing 0.73 L. If the conditions of 3 are not rnec. cou-
WL and haingU2 a free fall of S Inches tinue ;hi adjustment at approismately one (0 S!e'u urn-Atomic Absoi-pc~o
uFigure 1) (one suitable dovice2 Is the Assad. hour intervais far a period of aoat len LIo.O 4 Method. -Mechods for Chemical an--

td Deai= and Manaurs Compansy. hours. yals of Water ad Wases.p. 14'5. Z:
Alexandrta. Va. 22314. catalog no. 1229). vrnnna rtcinIec7 f~

Pt'ocadurar I. 7%L the sample holder wvith (F) At the end of the 24 hour earofrnt.sroetinAenc. -~
:be zatwl ato U tase d U t he w. clon veriod. sepaae the inacena.1in of Technology Transfer. W&%i-gtcz
OW210 a:s monoithilc blocik tian cut cue a L'he exctmctor into solid anld Uiquid D..240 SbUC?-tZIC Ase
rersentivo sample tram the 'slock having phase as 'L paragraph (A). Axijust the (H ivrAqi Abo-W
Mhe dimensions :f a IX d"n x 2r cylInder, voueoNh etrtzgl~~ ethod. "~Standard Method tot-

3. Place zthe sarsple holder ito *-*I Com-~ with doiocized water so LUCL t ExamirAtion of Water 3m~
pacdn Teterapply Is hammer blows volume is n0 times Zhat *ccupied by a Wastetr.' iclaten.or -. ' et!

3.in Rie me holde !:nw camp e samol weightc .o the initial 4uasstity 'It 3011, and Wates-- p- 146. Eavironxntnrt.
w extraction aoopara fo exrcin mact charged :o the extractor e.g.. ?rcec'.on, Age-icy. Office 3f -.e 'n

foran nit weotof 1 %-.=dilute to oc:: Tranusfer. 'uwiington. 0%.C. 2t*l;S
(C) Ta~e the sLld materWa !rarm 20 mi). Combine this solution w~ithi the !974.

paragraph '3). weigh tt and :)1aco it in orgnllquid orisse from paragrl
an extractor. A suitable extrar will :Tl Ti ombtntd %q~uid. and any
*ot only presvent stratiitriou of precipitate wiuch mnay later farm. .A
smaie and extraction fluid but also 'lhe Extractioni Procedure Extracxt.
insure that all semote surfaces ire (11) .Aaisis-Analyscs conducted ao
continuously brought into c.ontact dettein coifortnat Twi, Sct~o
wit~h Well1 mIed eztrzot~on flid 250.L"~)(I) sht"l Ue nttde .z iccotl
(When operazed at grmaer than or f(ce 11th th~e toilowing or tquivzient

eqa 040 -VM. ane Suitable devce is mtohods:
shorf~flf~ure2 ndaval.e a prt (A) Arsf'ic-Aoic Absorition.

'40. 3-36 produced by tha Aissociated ecd. etosfrCwna Aa



APETENWX I-S.IPtING MItOoS __0

The rnethods and eqiipment used for
samnrg waste mra ,ritaN will vary with the
form and cOnSiSte-.:Y of the v:.ast material
to be sampled. Listed below are sampling
p-otoc)Is appropwriaie for samnpling waste
materials vith contsistencies similar to the .
indicated mutterial.

Extremely viscous liquid-ASTM Standard ,D140-7,0 o

Crushed or powdered material-ASTN. . W 3.,
Sandard D315-75 94

Soil or rock-like material--AST.T Standard 0 To
Soil-like nmaterial-ASTM Standard D1452- 2

Fly ash-lik:e m.terial-AST2vI Standard ' LU
D2234-76
Additional protocols to be used are de-

scribed in the draft report "Handbook for
Saniplinz Hanzardous Waste". Research
Grant R-804692010. available from USEPA,
Office of Solid Waste. Information-Materi-
als Group. Cincinnati. Ohio 452168.

APPoNzax I-ExPwoszoN TEMPElRuRTa Tus

1. Purpose of TesL" To determine whether
a material explodes. ignites, or decomposes
alter a five second immersion in a sand bath
or low flammability liquid (such as high mo-
lecular %eight silicone oil) at temperatures a
up to i25"C and if so. at what temperature.

2. Operating Principle: This test gives an
estimate of how close the explosion tern- 2perature Is to ambient condition for a mate- .
cation of thermal instability.! a "oria, adhene, roide ameasurable inu-ll.i"b

3, Test Description: The material to be -
tested (25 rg.) is placed in a copper test -O <
tube (high thermal conductivity) and im- cc -
merscd in the controlled temperature bath. -_-o
This test is made at a series of bath tern- P !

peratures, and the time lag prior to explo- - . a a
sion at each temperature I& recorded (up toC
10 min.) The bath temperature is raised
until a terperature of 125-C is reached if no _ -r.
explosion. ignition, or apparent decomposi- ..--
tion occurs. ( _

NoT.-This is a modification of the test < c
taken from ff. Ilenkin. and R. O. McGill, In- a. '
dustrial & Engr. Chem. V44 p135.,/

- . *
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